OBJECTIVE. Occupational therapists are routinely involved in upper-extremity rehabilitation in persons with stroke. Recently we have reported that self-speech can be used to facilitate simple reach in young and older adults. The purpose of this study is to examine whether self-speech-induced facilitation of simple reach can be translated in persons with stroke.
M ovement dysfunction resulting from stroke or cerebrovascular accident (CVA) is a major rehabilitation concern in the United States where the annual prevalence of stroke exceeds a half-million individuals (Bartels, 2004) . Longterm neuromotor impairments of stroke include deficits of motor control in the contralateral extremities characterized by limited range of motion, movement disorganization, and weak force generation (Bartels) . In addition, contralateral neuromotor paralysis or paresis to facial, lingual, and phonatory muscles for speech may occur simultaneously with motor impairments of the arm and hand. In some cases, rehabilitation of arm and hand mobility and motor-speech functions may receive simultaneous rehabilitation and demonstrate motor recovery (Rijntjes & Weiller, 2002) .
Studies that investigated kinematic parameters of reaching tasks in stroke patients identified movement abnormalities in the contralateral hemiparetic arm and near-normal movements in the nonhemiparetic arm (Fisk & Goodale, 1988; Trombly, 1992) . A study by Lough, Wing, Fraser, and Jenner (1984) using gravity eliminated conditions reported that movements of the impaired arm showed a decrease in peak velocity (PV) and an increase in movement time (MT) secondary to stroke; both of these parameters improved during recovery. Kinematic analyses of movement performance in the stroke population are gaining importance in the occupational therapy literature (Fasoli, Trombly, Tickle-Degnen, & Verfaellie, 2002a , 2002b Gasser-Weiland & Rice, 2002; Trombly, 1992; Trombly & Wu, 1999) . These kinematic studies with poststroke populations were aimed primarily to find ways to facilitate better movement retraining, which lead to improved occupational performance. Several studies found that occupational embeddedness (using objects perceived as relevant or meaningful to the participant) compared to rote exercise, better facilitated reaching performance in stroke participants when judged by kinematic parameters like MT, movement units, PV, and time to reach PVs (Fasoli et al., 2002b; Gasser-Weiland & Rice; Trombly & Wu, 1999) . The major advantage of kinematic analyses is that they provide specific quantitative details of task-related movements in dynamic contexts. Thus it is possible to obtain quantitative pretherapeutic baseline data on impaired movement that can be compared with posttherapeutic data to determine specific aspects of rehabilitative progress (Fasoli et al., 2002a (Fasoli et al., , 2002b Trombly) .
These studies indicate that there is a need for better treatment strategies for movement rehabilitation that are supported by validated and quantifiable movement parameters. In our previous study, we observed that vocalizations concurrent with movement attempt resulted in facilitation of the movement dynamics in young and elderly groups (Maitra et al., 2003) . We argued that vocalization possibly reinforced the performance by providing additional sensory-perceptual cues to the motor system. These results raise the question: Might the speech sound or vocalization enhance the motor task performance in poststroke clients in the same manner as it did in participants without neurological injury?
Vocalization, Speech, and Movement
Vocalizations are defined as paralinguistic speech sounds used to express emotions and a range of communications. Vocalizations are expressed verbally and nonverbally. For example, crying and laughter are nonverbal vocalizations that are often person-specific. Verbal vocalizations are most often culture-and language-specific, and thus are associated with personal meaning for specific contexts. Use of slang words like "yeah" or "damn" are also examples of verbal vocalizations. Verbal vocalizations are observed to form an integral part of several occupations. Examples include vocalizations that simultaneously occur during martial arts actions and the chanting of cadences during exertive movement behaviors like marching or rowing. These observations suggest that vocalizations may be used to enhance or facilitate purposive motoric activities involving the extremities or the whole body.
There are recent studies suggesting the possibility of mutually influential motor programming links between motor speech and upper-extremity movements. Neuroimaging studies have observed that the cortical area for motor speech programming, Broca's area displays neuralcortical activation during arm and hand movements (Bonda, Petrides, Frey, & Evans, 1994; Schlaug, Knorr, & Seitz, 1994) and this was observed even when subjects only imagined they were moving their hands (Decety et al., 1994; Grafton, Arbib, Fadiga, & Rizzolatti, 1996) . Additionally, Ostry, Cooke, and Munhall (1987) identified a commonality in the kinematic velocity patterns of arm and speech movements. These authors suggested that both arm and speech might employ common elements of motor programming. Lastly, Gentilucci, Benuzzi, Gangitano, and Grimaldi (2001) reported that that the auditory amplitude of syllabic vocal production could be influenced by different grasping patterns. They concluded that motor programs for grasping and speech influence each other and that speech sounds modify upper-extremity motor performance. We attempted to build on these research findings in a recent study in our lab that showed an interactive relationship between vocalization and upper-extremity movement performance in a group of young and well-elderly participants (Maitra et al., 2003) . Our study evaluated a three-segment movement that required reaching for and placing a cup on a shelf during conditions of no vocalizations, self-vocalizations, imagined vocalizations, and externally cued (experimenter vocalized) vocalizations. The task was to reach for a cup and place it on a simulated shelf and return to the initial position. We observed strong kinematic interactions between speech vocalizations and arm reaching movements. When subjects vocalized, kinematic enhancement was observed in both young and elderly subjects, but the enhancements were more pronounced in the elderly group. These kinematic enhancements were identified as (1) increased amplitude of peak movement velocities and (2) decreased MT. In contrast analysis it was found that both self-vocalization and external vocalization conditions were able to facilitate the performance in contrast to no vocalization or imagined vocalization. Additionally, we found that the second segment (i.e., the segment that is essentially the object-contact segment [lifting and placing the cup]) was particularly faster in presence of concurrent vocalization. Our results indicated that motor performance was qualitatively and quantitatively enhanced when it was combined with self-vocalizations or external vocalizations in both young and elderly subjects (Maitra et al.) . The natural next step of this would be to see whether the results of this study can be translated in persons with movement disability. In other words, could vocalization be used to facilitate arm and hand mobility in persons with stroke?
Purpose
The primary purpose of this study was to observe the effects of self-vocalizations concurrent with the motor performance of stroke patients with upper-extremity motor disorders during a reaching, grasping, and placing occupation. The secondary purpose was to determine whether vocalizations differentially affect movement performance in the hemiplegic and nonhemiplegic limb of the participants. Although it is generally expected that the nonhemiplegic side will perform the task better, the purpose of studying performances of both the hemiplegic and nonhemiplegic side was aimed toward generalizing the effects of vocalizations rather than comparing the performances of both sides in relation to neurological insults. In other words, if vocalization concurrent with movements enhances movement via a physiological mechanism, the effect should be observed in movements performed by both hemiplegic and nonhemiplegic sides. The design of the current study is very similar to our previous study (Maitra et al., 2003) . The study specifically explored the effects of self-vocalization, external vocalization, and imagined vocalization on the motor task variables and compared these with no vocalization. The following hypotheses have been formulated: (1) Movements with all vocalization conditions will be faster and smoother than movements with no vocalization. (2) Under all conditions, the nonhemiplegic side will perform the task faster and smoother compared to the hemiplegic side. (3) Movement with self-vocalization or external vocalization will be faster in contrast to no vocalization or imagined vocalization.
Method

Participants
Seven participants (4 male and 3 female) with varying degrees of right-brain damage volunteered for the study. Participants with a mean age of 55.42 ± 6.8 (SD ) were recruited from the local community and from a local longterm-care facility. At the time of the experiment, the participants were at 12.67 ± 3.64 months following stroke. Inclusion criteria included that all participants had a single right hemispheric stroke between 6 and 18 months previously. For localization of stroke and the characteristics of the participants with stroke see Table 1 . None of the participants reported any visual neglect and all were able to perform the reaching movement with the affected arm and follow verbal directions appropriately (i.e., no receptive aphasia). Exclusion criteria included the presence of major perceptive or cognitive deficits or apraxia. In addition, participants were excluded if they had pain in the upper limb due to shoulder subluxation or other issues. The study was approved by the Ithaca College Human Subjects Review Board and informed consent was obtained from all participants.
Apparatus
Angular movements of the upper-arm position (degree) were recorded in the sagittal plane using the search coil motion recording system (Dr. L. Neumann, Am Riedfeld 7, D-82229 Seefeld, Germany). The same system was used in our previous study (Andree & Maitra, 2002; Junkins & Maitra, 2004; Maitra et al., 2003) . Before each experimental session, the search coil system was calibrated according to the manufacturer's specifications. The motion system is extremely reliable over repeated analyses (intraclass correlation is greater than .98) and is sensitive to detect positional displacement of 1 degree. Motion data were collected online using AutoLab, version 2.2 acquisition software at a sample rate of 500 Hz. Offline data processing was performed using Origin Version, version 5.5 analytical software. The angular position data were stored in the computer. Movement velocity was obtained by digital differentiation of the angular positional data. Movement acceleration was obtained by digital differentiation of velocity signal.
Procedure
The study used a repeated-measures counterbalanced design. The study followed the same design as in our comparative study on young and old participants (Maitra et al., 2003) . Each participant was randomly assigned to one of four possible sequences of vocalization conditions by a random card-drawing method. Each participant was seated in Note. F = female; M = male; R = right. MAS is a spasticity score where 1 indicates a minimal resistance at end range of motion, and 1+ indicates minimal resistance in less than half of the range of motion (Mathiowetz & Bass-Haugen, 2002 ).
a cushioned straight-back chair approximately 40 cm from the floor with a seat depth of 49 cm. The armrests were 7.5 cm above the seat. During the task, forward and backward compensatory movements of the trunk were restrained by securing the participants' trunk to the chair with a 2-cm wide Velcro® strap that ran across the chest. A Velcro cuff with the motion sensor was secured to the midpoint on the participant's upper arm (humerus). This sensor measured shoulder flexion and extension in the sagittal plane. A second motion sensor was attached to the participant's chin to record jaw movements in the sagittal plane. The motor task required each participant to reach for and grasp a cup placed on a table before them, and then place the cup on a simulated cabinet shelf. Each participant performed the motor task during four conditions: (a) self-vocalization, (b) external vocalization, (c) imagined vocalization, and (d) no vocalization. During the self-vocalization condition, the participants vocalized normally the monosyllabic sound "yeah" in their normal tone contemporaneously while moving the cup from the starting point to the target. They were not given instruction to say "yeah" either loudly or enthusiastically. During the no vocalization condition, each participant performed the task without producing any sound. During the external vocalization condition, participants performed the task while the experimenter stood behind them and vocalized "yeah." During the imagined vocalization condition the participant performed the occupational motor task while imagining that they were producing a "yeah" sound. Two practice trials for each condition were used to familiarize participants with the task before data were collected. Data were collected on nine trials of each of the four conditions. Movement data were collected in a pretrigger mode. This means the computer was programmed to backtrack to capture the events that preceded the trigger.
(Note: Computers usually collect data in a continuous mode. In an external trigger situation, the computer chops the data from the trigger point to the time point specified by the program. In a pretrigger mode, the computer can backtrack and retrieve the data left in the memory and save with posttrigger data in a continuous file. Many motion analysis capture software usually have a pretrigger option.) A trigger switch attached to the cup started automated data recording in a pretrigger mode as soon as the cup was lifted from the trivet. For each trial, 8 seconds of data (3 seconds pretrigger and 5 seconds posttrigger) were collected. Between movements rest periods were allowed upon request.
Data Analysis
The motor performance task was separated into three segments to allow for a convenient description for movements and analyses (see Figure 1) . Segment 1 included the arm reaching movement from the armrest to the cup; segment 2 (object-contact) included the arm movement used to place the cup on the cabinet shelf; and segment 3 included the movement returning the arm to the initial rest position. The kinematic variables included: total movement time (TMT), total movement units (TMUs), movement time for segment 2 (MT for seg 2), and PV for segment 2 (PV for seg 2). The kinematic variables associated with the no vocalization conditions served as control parameters. One independent variable (a within-subject variable) limb had two levels: hemiplegic side and nonhemiplegic side. The other independent variable, vocalization condition (also a within subject variable) had four levels. A two-way repeated measure analysis of variance (ANOVA) with independent measures on limb and repeated measures on vocalization conditions was used to test first two primary hypotheses. Mean values for each of the nine trials within each condition were computed for each kinematic variable studied. Alpha was set at .05. Effect sizes were also computed. Post hoc contrast analysis was also performed to test the hypotheses whether self-vocalization or external vocalization yield significantly better facilitation in contrast to other conditions. Statistical analyses were performed using the Statistical Package for Social Sciences Version 11.0 for Windows.
Description of Kinematic Variables. The variable, TMT, was a measure of the time required to complete all three segments of the task. Begin and end of each movement segment was ascertained from velocity data. Begin was marked when the velocity data rose above 0.05 times of PV line in acceleration phase and end was marked when velocity data fell below 0.05 times of PV line (Andree & Maitra, 2002) . Longer MT indicates slowness of the movement. The variable, movement unit (MU), was calculated from acceleration data. One MU consists of one acceleration phase and one deceleration phase of the movement. TMUs are the summation of movement units for all three movement segments (Trombly & Wu, 1999) . Fewer movement units indicate greater smoothness in performing the movement. The variable PV was calculated from the velocity graphs. It is the maximum velocity achieved during a movement segment. PV is an indicator of overall force generation during movement (Trombly & Wu) . The task of moving a cup from one place to another involves multiple movement segments in order for the tasks to be successfully completed. However, conceptually the segment most aligned with the goal of the task is the segment that involves actual cup-hand interface (i.e., the second segment). Thus in the current study we will report the PV for the second segment only because the second segment is the significant segment for describing the motor task in terms of the participant interacting with the object. In this study, we only recorded angular movement from the upper arm for two reasons: (a) in the previous study we observed that maximum angular movements that can be observed during the task is of that about shoulder angle, and (b) we have only two sensors available for movement recording, one we used to measure jaw movements to make sure that jaw was dropping during vocalization, and the remaining one we used to measure angular movement measurement. This protocol was similar to our previously published protocol (Maitra et al., 2003) . Further description of the kinematic variable and the procedure for calculating these variables were given in detail in our previous papers (Andree & Maitra; Junkins & Maitra, 2004; Maitra et al.) .
Results
Kinematic Profiles of the Task Performance
Figure 1 depicts comparative graphical representations of the average kinematic profiles of a representative hemiparetic patient for nine movement trials of the hemiparetic arm performing the motor task for all conditions.
The three segments of motor-task performance can be readily differentiated in the movement profiles seen in Figure 1 . Motor-task performance during the self-vocalization condition was significantly faster as indicated by MT and velocity when compared to the no vocalization, external vocalization, and imagined vocalization conditions. Note the quick rise of the displacement curve and the corresponding rapid rise and symmetrical fall of the velocity profile for the self-vocalization condition of segment 2 indicating the movement was performed efficiently compared to other conditions. Motor-task performance during the external vocalization and imagined vocalization conditions appeared to be kinematically similar to motor-task performance during the no vocalization condition for MT and speed.
Kinematic Variables of Movement Performances
The means and standard deviations for the TMT, TMUs, MT, and PV for seg 2 of the task performance by the hemiplegic and nonhemiplegic upper extremities are presented in Table 2 .
The results of the 2 (sides) x 4 (vocalization conditions) mixed ANOVA are presented in Table 3 . The results indicated that the main effects of vocalization yielded significance across trials on the dependent variable of TMT and TMUs. The results further showed that the TMT and TMUs were significantly different for both the hemiplegic and nonhemiplegic limb. However, the interaction between vocalization and sides failed to reach significance on both TMT and TMUs.
Results of the mixed ANOVA and the effect sizes (eta) of the kinematic variables of the second segment are also shown in Table 3 . The data yielded mixed results. Significant differences in the main effect of vocalization were found on PV and segment MT. The main effect of sides was significantly different for PV but not for MT. Vocalization in terms of MT was statistically significant in segment 2. Additionally, significant difference was found in the interaction effect between vocalization and limb on the variable of MT but not on the variable of PV for seg 2.
Contrast Analysis
Because there was no interaction effect in limb side and vocalization on the TMTs and TMUs, post hoc contrast analyses were performed with the pooled data from both the limbs on the basis of the mixed ANOVA results. The results of within subjects post hoc contrast analysis are summarized in Table 4 . When kinematics variables were contrasted between performances made with no vocalization and movements with self-vocalization, significant differences supported by high-effect sizes (eta) were yielded for all kinematic variables. Similar results were obtained when variables were contrasted between movements made with self-vocalization and external vocalization. However, the contrast analysis between kinematic variables for external vocalization and imagined vocalization was not significant.
Discussion
The results indicated that the overall occupational performances were significantly faster and smoother under vocalization conditions compared to performances done under no vocalization condition as evidenced by changed TMT and TMUs. Analysis of the same variables indicated that hemiplegic sides performed differently than nonhemiplegic sides. This result supports our first and second hypotheses. The occupational performance of stroke participants was clearly facilitated during self-vocalization in comparison to no vocalization or external vocalization, which indicated that the self-vocalization facilitated kinematic parameters of movement characterized by significantly shorter MTs and higher peak velocities. This observation was further strengthened by the large effect sizes noted in the data. These findings support our third hypothesis.
In order to speculate about the reasons for our findings, we ask some pertinent questions. Could self-vocalization have influenced sensory perception as part of the motor performance? The notion of perceptual enhancement of motor functions mirrors some aspects of the revised motor theory of speech perception posed by Liberman & Mattingly (1985) . Their theory asserts a direct innate linkage between speech perception and motor speech production that is assumed to share the same set of invariants. Our findings can be further interpreted as an extension of perceptual motor interaction for speech movements to also include reaching movements of the arm. Is there a linkage between speech and reaching movements? Recent research indicates that there is a good possibility that speech influences motor action. The following is a brief explanation of this possibility. Recently a number of brain imaging studies like positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) showed activation of area BA 44/45 in participants during observation (perception) of an experimenter's hand action (Buccino et al., 2001 , Nishitani & Hari, 2000 Rizzolatti et al., 1996) and also during their own hand actions (Rizzolatti & Arbib, 1999; Rizzolatti, Fadiga, Fogassi, & Gallese, 1999; Rizzolatti, Scandolara, Gentilucci, & Camarda, 1981 ). Broadman's area 44/45 in the dominant hemisphere is also known as Broca's area and is traditionally implicated for articulate speech production. A natural question that arises is whether this area is also activated during speech production or whether the speech system is connected to the hand or arm motor systems. The evidence of Broca's area's involvement in the hand and motor system came recently. Uozumi, Tamagawa, Hashimoto, and Tsuji (2004) provided evidence that transcranial magnetic stimulation of Broca's area in humans influenced target oriented hand movement. They found that Broca's area had both a facilitatory and inhibitory effect over both tonic and phasic finger movements. They also inferred that Broca's area had direct fast corticospinal connections and they argued that the area might be involved in hand movement and motor control. Another study involving imaging suggested that during hand movement motor execution, Broca's area (Broadman's area 44 on left inferior frontal area of the brain) was activated first with a peak at ~250 milliseconds before execution. This activation was then followed by activation in the left primary motor cortex (hand area of the cortex in the left brain on the ipsilateral side) within 100-200 milliseconds and followed by activation in the right primary motor cortex (hand area of the cortex in the right brain on the contralateral side) 150-250 milliseconds later (Nishitani & Hari) . In the current study with patients with stroke, we have found that only self-vocalization facilitated the reaching actions. The finding that speech influences motor action in young adults, older adults, and patients with stroke leads us to assume that speech may be used to influence movement in a global manner by activating the Note. *p < 0.05; **p < 0.01, ***p < 0.00; eta = effect size of the kinematic variables; MT = movement time; PV = peak velocity; TMT = total movement time; TMUs = total movement units. It is intriguing to note that in contrast to our previous finding for young and elderly participants (Maitra et al., 2003) , the external vocalization condition used in this study did not kinematically enhance the occupational performance for the stroke participants. One explanation might be that the stroke participants in the current study were not able to process the external vocalizations effectively due to the neurological deficits in auditory processing. It is known that stroke participants process information slowly (Bartels, 2004) and might miss or not effectively associate the external monosyllabic "yeah" sound with the occupational performance. However, this explanation clearly will need further exploration in future studies to determine its validity.
There are a few significant limitations of this study. The study was conducted in upstate New York on a small sample of participants. Thus the study lacks generalizability in greater scale. Therefore, replication of the study with a larger population is recommended. Another significant limitation would be that we assumed that the participants imagined the vocalization "yeah." However, there is no scientific guarantee for the assumption. Whether the vocalization "yeah" served as a simple vocalization to excite the cortex or participants found a positive meaning of the word to reinforce the task or used the word to focus their attention to movements is unclear. Further experiments to delineate the effect of performance congruent word versus incongruent word on performance are necessary to resolve the issue.
Implication for Occupational Therapy Practice
The results of this study with stroke participants strengthen the findings of our previous study that demonstrated significant motor facilitation during self-vocalization in young and elderly subjects for the same occupational task used in this study (Maitra et al., 2003) . We strongly consider that our findings provide some empirical evidence for using concurrent self-vocalization when performing familiar motor tasks commonly used in occupational therapy. The results further indicate that persons with CVA having paresis in the extremities may benefit from employing concurrent vocalizations during movement to improve movement speed and force in the hemiparetic arm. Taking into consideration the studies in this area, it is possible that repeated continuous activation of Broca's area during the acquisition of a motor task under the motor learning paradigm may essentially encourage plasticity and therefore facilitate enhanced occupational performance on a permanent basis. On the other hand, the evidence from this study also suggests that external vocalization in the form of auditory feedback does not influence motor performance in the hemiplegic limb more so than the nonhemiplegic limb in persons with stroke. There are clear interdisciplinary implications in these findings for developing interactive therapies between speech pathologists and occupational therapists working with the same stroke patients. Indeed, it may be possible to organize rehabilitative therapy sessions that simultaneously restore the speech and hand motor controls that are so often impaired by stroke. Replications of this study that combine different meaningful speech sound vocalizations with other novel and challenging motor performance tasks can provide that needed additional information. Basic and clinical research in these areas will shed more light on neural integrations mediating speech and hand motor activities that are so important in daily living. v
